Triatoma guasayana and two putative cìyptic species pertaining to T. sordida complex (named groups I and 2) 
1
Triatoma sordida Sta1 and T. guasayana Wygodzinsky and Abalos are silvatic triatomine species known from a wide variety of natural ecotopes. They are also particularly prevalent in peridomestic habitats and have been increasingly reported fiom houses (Forattini 1980 , Diotiaiuti et al. 1993 , Wisnivesky-Colli et al. 1993 , Noireau et al. 1996 . The two species are considered closely related because they are morphologically very similar, their distribution overlaps throughout northern Argentina and parts of the Chaco region in Bolivia and Paraguay, they occupy a comparable variety of ecotopes and interspecific crossings can occur experimentally (Usinger et al. 1966 , Pietrokovsky et al. 1994 , Schofield 1994 -~ -that they could play a significant role in the transmission of Tvpanosoma cruzi, the agent of Chagas disease, particularly after the eradication of T. infestam from7he domestic environment (Dias 1988 , Schofield 1994 .
Recent studies have shown that the vectorial significance of T. sordida would be considerably less than previously thought (Noireau et al. 1997) . Nevertheless, the ability of T. sordida and T guasayana to colonize artificial ecotopes and their wide distribution lead to keep attentive (Schofield 1994 , Gajate et al. 1996 .
Multilocus enzyme electrophoresis (MLEE) is related species (Thorpe & Solé-Cava 1994) , as it is the case of T. sordida and ir: guasayana whose immature stages are hard to discriminate (Garcia et.al. 1995 , Noireau et al. 1998 . Recently, genetic studies have shown a high level of differentiation between T. sordida populations that might be compatible with the hypothesis of two biological species (Panzera et al. 1997 , Noireau et al. 1998 ). In the Bolivian Chaco, our study area, the sympatric occurring of T. guasayaita and two ir: sordida separate populations (named groups l and 2) was demonstrated by Noireau et al. (1998 
MATERIALS AND METHODS
Study areas -The field work was carried out in the phytogeographic region of the Chaco, in the southern part of the Department of Santa Cruz, Bolivia. The main environmental characteristics of this semi-arid region are: (i) 300-600 m altitude, (ii) a mean temperature of 26"C, (iii) an average annual rainfall of about 600 mm and (iiii) a marked seasonality, with a dry season from March to October and a wet season the rest of the year. The first surveyed area was La Choza (1 894'5 16"s; 62?40' 10S'7W), an isolated site located on the way to Izozog. The area is covered by a dense and thick vegetation (elevation 4-6 in) of hardwood trees dominated by Ruprechtia trijlora with emerging trees up to 12 m high (Aspidospertna quebrachoblanco, Chorisia insignis...). In the lowest stratum thom shrubs, bromeliads and cacti predominate. The second study area, Izozog and its surrounding forest (19Q30'509"S; 6293'639"W), is located 80 km south from La Choza and inhabited by the stable Chiriguano Izozo ethnic group. Dwellings are mainly of wattle and daub construction and roofed with straw. The peridomestic structures located 5-10 m from houses are mainly kitchens: a rudimentary furnished premise consisting of mud-oven surrounded by a branch pen. The absence of clearly defined peridomestic structures for domestic animals is typical of this area. In particular, there is a roosting in trees at night. The density of bromeliads (Bromelia serra and, to a lesser extent, B. hieronymi) was assessed in the peridomestic area since they are abundant around houses and were already identified as wild biotopes of 1 guasayana in the Argentinean Chaco ). Twenty-five squares (2x2 m) were randomly distributed on the left and right side of a 100 m long transect. All bromeliads located inside each square were counted. The forest surrounding Izozog is similar as that above mentioned but cacti, bromeliads and shrubs are more scattered and the canopy is lower (8 m for emerging trees). gion, a previous entomological survey performed at Izozog showed that 86% of houses were infested. The current study was focused on secondary triatomine species, mainly T. sordida and T. guasayana. Insects were collected in natural environment, peridomestic areas, and domestic structures from August 1994 to October 1996. During the dry season, light collections were performed at the site of La Choza and in the forest surrounding the locality of Izozog. The light system consisted of a vertical white cloth simultaneously illuminated by a 12-V fluorescent black light tube and a 150-V mercury vapor light. The light trap was operated for four nights at La Choza and two at Izozog. Artificial peridomestic structures, principally kitchens, were investigated at Izozog. Triatomine bugs were collected from fumiture and waste clothing left on the branch pen. Bromeliads located in the vicinity of houses at Izozog and the close silvatic environment were searched for the presence of triatomines. Lastly, a collection of triatomines (0.5 ma*) was carried out in 42 houses of Izozog.
Processing of insects -The collected insects were placed in plastic bottles containing filter paper and transported to the laboratory. The morphological separation of adults was performed according to Lent and Wygodzinsky (1 979) . Samples were examined for flagellates by direct microscopic observation of feces droplets at 400x magnification. In addition feces aliquots obtained from most of the positive insects were stored at -20°C for subsequent confirmation of 1 cruzi infection by polymerase chain reaction (PCR) amplification, according to Brenière et al. (1995) .
Isoenzyme electrophoresis -Electrophoretic analyses were performed in order to discriminate among nymphal instars and adults of I: sordida groups I , 2, and I: guasayana as well as for population genetics studies. All insects alive on arrival to the laboratory were processed. The technique was performed on cellulose acetate plates (Helena ~ Laboratories, Beaumont, TX). Thoracic muscle was dissected from each insect aná processed for electrophoresis as described by Noireau et al. (1998) . The following seven enzyme systems were assayed: aspartate aminotransferase (EC 2.6. l., GOT); glucose-phosphate isomerase (EC 5.3.1.9., GPI); isocitrate dehydrogenase (EC 1.1,1.42., IDH); leucine aminopeptidase (EC 3.4.11 .I ., LAP); malate dehydrogenase (EC 1.1.1.37., MDH); malic enzyme (EC 1 .l. 1.40., ME); and phosphoglucomutase (EC 2.7.5.1 ., PGM). The zymograms corresponding to seven loci (Got, Gpi, Idhl, Idh2, Lapd, Mel, and Pgm) provided a reliable identification of I: sordida and I: guasayana. Also fixed genetic differences at Idh2'and Mdh2 loci were used for distinguishing ir: sordida groups 1 and 2 (Noireau et al. 1998) . Although I: sordida group 2 has not still received formal nomenclatural recognition as a new species, it will be considered as putative species in this work.
Data anabsis -Genetic and spatial structure of triatomine populations and subpopulations was investigated. Genetic interpretation was based on previous description of T. sordida and T. guasayana variability (Noireau et al. 1998) . For the analysis of spatial subdivision of populations, only two possible alleles were taken into account: the most frequent one, and all other ones plotted together as a unique allele. Analysis was performed in triatomines issued from areas of Izozog (silvatic and domestic/peridomestic populations) and La Choza.(silvatic populations), using Nei's F statistics analysis (Nei 1987 in the silvatic environment were negative. Light collection performed at Izozog showed the following distribution of triatomine species: I: sordida group 2 predominated (69%) followed by T. guasayana (23.8%) and T.sordida group 1 (7.2%). With regard to La Choza, light collections showed that I: sordida group 2 and I: guasayana (47.5% and 42.2%, respectively) prevailed broadly over T. sordida group 1 (10.3%). The relative distribution of species did not differ significantly between collections performed in both silvatic areas (e0.05 1, Fisher's exact test). At Izozog, the distribution of species was similar between light collections and peridomestic ecotopes (P=0.263). On the other hand, their distribution showed significant differences between samples from domestic and peridomestic structures (P=O.O 15) as well as between adults collected in domestic and silvatic environment (e0.006). The paired comparison of the number of insects of each species collected in light traps and those found in domestic structures showed that I: sordida group 1, and to a lesser extent I: gtiasayana, were relatively more abundant than T. sodida group 2 inside houses.
Infectiorz rate of triatoiniiies -Results are summarized in Table II . Adults of the three species dispersing by flight showed similar trypanosome infection rates (data from Izozog and La Choza pooled). In artificial structures, the only significant difference was detected between I: guasayaiza and T. sordida group 2 (23.3% vs 3.8%; PcO.01). The three species showed similar infection rates when we compared silvatic and artificial ecotopes. The PCR technique performed on the positive fecal samples confirmed that triatomines were actually infected by T. cruzi (visualization of a band at 270 bp, Brenière et al. 1995) .
Isoeizzyinatic variability -Of the seven systems tested, three were variable for I: guasayaiza (GOT, MDH and PGM), two for I: sordida group 1 (MDH and PGM) and three for I: sordida group 2 (IDH, MDH and PGM).
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Genetic st~ucture and spatialpartition ofpopu-
latioris -The distribution of genotypes in the three species according to the site of collection is showed in the Table III . Fis test did not detect departure from panmixia of individuals relative to the different subpopulations (Table IV) . For the total populations, Fit detected departure from panmixia for T. sordida group 1 (Pgm) and T. guasayana (Mdhl) . On the other hand, the total population of T. sordida group 2 was in equilibrium at the three analyzed loci. The Fst, which measures the gene frequencies differences among subpopulations, detected spatial partition for the three species at at least one locus.
DISCUSSION
I: soi-dida is an epidemiological problem in several countries of the Southem Cone because it has a wide range of silvatic ecotopes but can also form large populations in peridomestic habitats and readily recolonize sprayed houses when residual insecticide activity ends (Garcia-Zapata & Marsden 1992, Diotaiuti et al. 1993) . In several regions of Bolivia, the infestation of houses by I: sordida may be considered as primary, i.e. not consequent upon the eradication of T. iiifistaizs (Noireau et al. , 1996 . Regarding I: guasayana, it presents a similar adaptation to artificial habitat in a more reduced area. In the Argentinean Chaco at Santiago del Estero, it colonizes bromeliads (four species including B. serra), cacti, logs and tree cavities . Colonies are also found in the peridomicile, specially in branch pens which include cacti and bromeliads in their structure, where this triatomine feeds on domestic animals (Gajate et al. 1996) . In that area, T. guasayaiia invades houses and domestic collections contain dispersive females that fed on humans (Wisnivesky-Colli et al. 1993) .
As demonstrated by Noireau et al. (1998) , the Bolivian Chaco is characterized by the occurrence in sympatry of two cryptic species pertaining to I: sordida complex in addition to I: guasayana. The absence of hybrid forms detected by isoenzyme analysis between these species confirms their reproductive isolation in nature (Noireau et al. 1998 These plants seem to be favorable shelter, particularly in the vicinity of houses, and the former authors did not find difference between infestation rates of bromeliads located either in the forest or in the peridomicile. The high density of plants and their infestation rate by triatomines in the peridomestic environment of both Bolivian and Argentin Chaco lead us to point out their significance for the vector control of Chagas disease.
T. guasayana, I: sordida group 1, and I: sordida group 2 were found infected by II: cruzi in collections made with light trap as well as in artificial structures. The domestic occurrence in the Velasco area of infected I: sordida group 1 does not allow for consideration of this species as efficient vector of I: cruzì to humans (Noireau et al. 1997) . The vectorial capacity of I: sordida group 2 and I: guasayana is unknown. The high II: cruzi infection rate detected in domestic/peridomestic I: guasayana at lzozog supports its potential vector role.
The enzymatic study performed on these three triatomine species confirms the variability of loci previously evidenced (Noireau et al. 1998 ). Generally, the observed allelic frequencies with MLEE are not influenced by selective factors (Nei 1987) . Moreover, current studies of intraspecific crossing would allow to know if genes are really independent. These cautions considered, we can contemplate the existence of spatial partition in the three species detected by the Fit test which suggests their reduced dispersive capacity. In spite of its ability to fly, I: sordida group 2 seems to be restricted to the Chaco because the characterization of I: sordida populations from other Bolivian regions and Brazil always indicates their relationship with the group 1 (Noireau et al. 1998) . Its limited distribution would be explained by (i) its close dependence to the Chaco ecosystem andor (ii) a limited passive dispersion. The last hypothesis is strengthened by the fact that I: sordida group 1 was only detected in bird-nests of this area (Noireau, unpublished data) ; the passive transport of nymphs of rhis species among the feathers of birds, demonstrated by Forattini et al. (1971) , would be an explanation to its wider distribution.
